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ABSTRACT

In the event of a surprise nuclear attack, the survivability of the manned
bombers depends upon their base escape capability, i.e. the ability of their
alert crews, upon short notification, to react, start engines, taxi, take-
off, and reach safety prior to the detonation of the first nuclear weapon on
or near their base. Significant factors of successful base escape are
discussed., It is argued that nuclear hardness and rapid engine start
capabilities are essential and that they should be incorporated early in
full scale development. It is also argued that altitude dependence can be
minimized or eliminated in the nuclear blast hardness criteria if the
dynamic pressure is selected as the criterion.
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NUCLEAR HARDNESS AND BASE ESCAPE

INTRODUCTION

Historically the TRIAD has formed the basis for strategic deterrence for the
United States. The legs of the stable TRIAD consist of land-based intercon-
tinental ballistic missiles (ICBMs), submarine launched ballistic missiles
(SLBMs), and the manned bomber. Even with improvements to the ballistic
missile, the penetrating manned strategic bomber remains a critical element
of our future ability to deter enemy aggression and to enhance our conven-
tional war capability. In the event that potential enemy nations develop
space-based hiah energy laser or particle beam weapons during the next
decade they could neutralize some, or all, ballistic missiles, and the
strategic manned bomber with low-level penetration capability would achieve
even greater significance.

Any potential enemy realizing the significance of the bomber fleet would
probably attempt to neutralize the bombers prior to their launch. There are
major advantages to this strategy. First, if the bombers can be neutralized
on their home bases, the enemy's homeland defense would be greatly simpli-
fied. He could concentrate only on those few surviving aircraft. Second,
he could use high-yield weapons on bomber bases without concern for collat-
eral effects. Defensive strategy against'bombers penetrating his homeland
at low altitudes must consider the pocential effects of his own nuclear
detonations on his population, facilities, and other national assets. These

I considerations must balance the more effective (but risky) nuclear-tipped
defensive missiles with less-effective (but aafer) conventional missiles.

Since the enemy would probably consider bomber bases as high-priority

targets, it behooves us to counter via measures to increase the probability
of base escape, PBE' of our bomber fleet. This study addresses the
major factors involved in base escape analyses, and argues the strong
urgency in the incorporation of conservative nuclear hardness levels and

* engine start t~mes early in the acquisition program of new strategic
aircraft.

BASE ESCAPE

The probability of base escape is a function primarily of crew reaction
time, aircraft reaction time, taxi time, fly out time, basing, and nuclear

and crew arrival at the aircraft Aircraft reaction time is the time from
crew arrival at the aircraft to start of taxi. Taxi time is the time from
start of taxi to start of take-off roll. Fly out time is the time from
start of take-off roll to the safe-escape point. (The safe-escape point is
defined by aircraft hardness to blast and thermal environments generated by
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the enemy detonation(s), aad the type of attack on the base i.e. "one over
the runway" versus pattern attack.) Basing refers simply to the manner in
which the alert bombers are deployed, i.e. all stand alert on home base
versus the other extreme of dispersing all alert bombers to other air
fields. Nuclear hardness is the capability of the bomber to withstand
exposure to various environments generated by nuclear weapon detonations
without loss of mission completion capability.

Aircrew reaction time can range from several minutes if the crews are
restricted to the base, to a minute or so if they are restricted to the
alert facility, to essentially zero if they are on cockpit alert.

Aircraft reaction times are usualiy dominated by engine start times. Alert
aircraft are "cocked", i.e. many of the checklist items have been completed,
and the cockpits are configured for engine start. Engine start is dependent
upon adequate supplies of high pressure air/gas to motor the jet engines to
starting RPM, and electrical power to fire the ignitors. The high-pressure
air/gas may be supplied by on-board auxiliary power units (APUs), by ground
support equipment, by starter cartridges or other auxiliary device, and/or
by an operating engine. One technique (in use on B-52 and KC-135 aircraft
prior to the Quick Start mod;'ication) is to start one (or two) engine(s)
using a starter cartridge, on-board APU, or ground unit. After one engine
is operating it can supply enough air to simultaneously start the remaining
engines. Another technique is the simultaneous starting of all engines
which requires starter cartridges for each engine (the essence of the Quick
Start modification was the incorporation of cartridge start capability on
each engine on the B-52G/H and KC-135A), or the use of APUs/start carts with
the output volume of high pressure air sufficient to motor all engines
simultaneously to starting RPM within some maximum time (30--"o seconds,
generally).

The reaction time required for engine start for the first technique above is
about twice the time for the second. However there are extra costs, both
nonrecurring and recurring, for the added capability. For example, the
Quick Start modification included the development, added hardware, technical
data change, and modification manhour costs (nonrecurring). In addition,
"the logistic support costs increased as did the cost of expending more
cartridges per alert start (recurring). Another example may be the
necessity for larger, or multiple APTIs and/or ground units to provida the
larger volume of high pressure air required for sim'iltaneous engine start.
Again, both recurring and nonrecurring costs would increase.

Si
Electrical power for ignition and communication with the command post can be
supplied either by aircraft batteries or by ground power units. Generally
aircraft battery starts are preferable (if reliable) with ground units on
standby. Battery starts don't rely on the starting of cranky ground units
(especially in cold weather) and generally minimize reaction time.

UJ
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Taxi time is primarily dependent upon the physical location of the alert
parking area relative to the runaay. The closer (and the more direct
routing) the runway --- the lower the taxi time.

j. Flyout time is directly proportional to basic aircraft performance
capability, i.e. available thrust, weight, climb capability, etc. The more
acceleration -- the faster the takeoff - the faster the climb - the lower
the flyout time, particularly for the "one ever the runway" threat.
(Attacks where the enemy detonates several warheads in some optimized
pattern are more difficult to analyze because safe escape is more difficult
to define.) Aircraft performance is usually dictated by firm operational
requirements such as maximum take-off distance, and range. These and other
requirements allow little or no leeway for performance requirements to be
driven by base escape. Normally, if the operational requirements are
satisfied, the aircraft performance capability is more than adequate to
provide acceptable PBE --- if the other key base escape parameters have
been optimized.

Generally base escape capability increases with dispersion, and with
distance of the base from the sea coast (off which enemy submarines can
launch missiles). However logistics support costs, possible command and
control difficulty, and the sabotage potential also increase with
dispersion. Another, less definable consideration in discussion of basing
is the btrategic value of a target to the enemy. If one base contains many
alert aircraft, the strategic value may be sufficient for pattern attack,
while a single aircraft oase may only merit a single, "one over the runway"
detonation.

Nuclear hardness for base escape basically refers to the capability of the

aircraft to survive exposure to nuclear blast (gust and overpressure) and
thermal environmen.ts*. This premise is based on the assumption that the

* *, enemy will maximize kill ranges by use of high-yield (several hundred
kiloton to several megaton) weapons. For such weapons detonated at low
altitude the dominant kill mechanisms are blast and thermal. Prompt nuclear
radiation environments at ranges corresponding to aircraft kill for blast
and thermal are inconsequential --- below inherent hardness levels of even
unhardened systems.

< 1

E* lectromagnet Pulse (EMP) hardness of the bombers is assumed for this

exercise,
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It is noted that crew reaction time, taxi time and basing are variables
which can be varied throughout the operational life of the aircraft. If the
international situation deteriorates, crews may be placed on cockpit alert,
aircraft may be positioned at the end of the runway (with engines running
for the worst case), and they may be dispersed as widely as necessary.
Therefore a great deal of flexibility exists to increase the probability of
base escape.

Now consider the remaining variables, aircraft reaction time, time to safe
escape, and nuclear hardness. In general these characteristics are integral
to the design of the aircraft, and if the need for increased survivability
dictates, the aircraft design must be changed. Such retrofit design change
usually is very expensive and time consuming.

A typical base escape analysis output is illustrated in figure 1. The
ordinate is probability of base escape of the alert aircraft and the
abscissa is the~ time from klaxon to safe escape. Detection of enemy launch
and issuance of the command to laurnch the alert force are prerequisite
actions. For simplicity it is asav~med that the enemy has detonated a single
nuclear warhead over the center Of Lh runway and that his aim is perfect.
If there are some number of alert aircraft at the base, then the probability
of survival is simply the percentage that reach the safe escape point
without experiencing nuclear blast and thermal environments greater than or
equal to thieir hardness. Those aircraft which are subjected to levels
greater than their hardness levels are assumed to be "killed", i.e. no
longer capable of mission completion, although they may not be totally
destroyed. (This simplistic approach illustrates the principle. Actual i
analyses would consider CEPs, pattern attacks as well as the
"lone-over-the-runway" attack, anc4 numerous other factors.)

In figure 1, note that for very short baie escape times, (region 1) PBE
is very high and for very extended base escape times, (region III) PBE
is very low. Note that in these regions, nuclear hardness and/or basing are
not critical factors. If the base excape times are ultra low, or very
lengthy, then the alert aircraft will either survive or be killed,

irrespective of their hardness.

The pay off for hardness can be seen in region 11. Note that the curves fan
out with hardness. Higher hardness levels result in higher PBE for a
given base escape time, or for a given PBE' increased hardness results
in longer allowable base escape times. A somewhat similinr graph can be
generatad for various basing schemes, and graphs combining basing and
nuclear hardness also can be generated. In the combined curves, the nuclear
hardness levels fan out from each basing plan.
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Figure 1. Representation of the Probability of Base
Escape for a given Basing Plan.

* .1

1 4.

STigure. 2. Representation of Hardne-as Optimtzatfan.
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It is noted that hardness and dispersal should complement each other for
long-term, optimized base escape capability. They should not compete.
Dependence upon dispersal alone to provide base escape capability may result
in the need for more and more dispersion of a permanent nature to counter
more severe future threats. The life cycle costs associated with
large-scale, permanent disposal could greatly exceed the relatively small
costs to design and maintain hardness. A more practical approach may be to
harden the aircraft sufficiently to deter limited, counterforce attack, and
use dispersal during periods of international tension to furt.er enhance
base escape cability.

The next area of interest is the selection of the opLimal hardness levels.
After studying figure 1, the approach appears to be obvious. Choose the
probability of base escape required for credible deterence. That point
defines a unique set of hardness levels and base escape times. Conduct
trade off analyses to fix the optimal hardness level consistent with
achievable base escape times, hardening technology, and the cost associated
with each set of hardness-level and base-escape-time parameters.

However there are problems with this approach. First, the probability of
base escape required is difficult to quantify -- (and if quantified by a
particular individual at a given time, .t probably will be changed before
the ink is dry). Another approach is to evaluate the effect of increasing
hardness on the probability of base escape. That evaluation could result in
a graph that looks something like figure 2. Note that initial increases in
hardness provides significant changes in PBE" But there is a knee in
the curve above which further increases in hardness results in
increasingly smaller gains in PBE. The optimum hardness level is on the
knee of the curve. This hardness level must be investigated to insure it is
technically achievable, The cost to harden and maintain should also be
analyzed to insure that that particular level does not pose severe cost
impacts. If it does, another lower hardness level (but still in the knee
region) would be analyzed until acceptable cost is obtained.

The engine start time necessary for acceptable survivability should be
analyzed very carefully during the conceptual phase of tne system
acquisition program. Worst case estimates of the enemy threat, potential
basing limitations, nuclear hardness, performance, alert crew restrictions,
and detection and warning capability should be made. If the sequential
engine start technique is not acceptable, or is marginally acceptable, then
simultaneous start capability should be incorporated into the initial
aesign.

Potentially serious future consequences of having marginal engine start:

times and/or blast and thermal hardness levels are (1) severe restriction of
alert crews minimizing crew response times and/or (2) severe basing
restrictions. Such actions may be required to provide the fleet
survivability required to pose a credible deterrent. The long-a*ermi
recurring cost of such action in degraded crew morale, and in the necessity
for permanent dispersion may more than offset the costs of desigrning in low
aircraft response tines and nuclear hardness.

.
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In fact, the warning time from breakwater to klaxon is not fixed, rather it
could vary with equipment reliability, weather conditions, interference
(natural or deliberate), enemy use of "stealth" on the missile, human
factors, and other considerations. Therefore it can be argued that the
blast and thermal hardness levels be maximized and aircraft response time be
minimized early in the acquisition program. This approach would force
consideration of quick-starting, high capacity APUs with capability to
simultaneously start all engines rapidly and reliably, and to blast and
thermal hardening early in the acquisition program.

ALTITUDE DEPENDENCE

In the previous section, base escape was discussed using a single burst over
the runway attack. For such a case, the aircraft altitude at the time of
exposure was relatively low and the environments, which vary with altitude,
are near their sea-level values. However, if pattern attacks are involved,
or if the enemy gains the ability to detect and attack the bombers during
cruise phase"i of the mission, the altitude dependency can not be ignored.

Both the blast (gust and overpressure) and thermal environmnents at a given
distance from the detonation vary with altitude. At higher altitudes the
thermal environment generally is more severe at a given distance because
atmospheric absorption and scattering effects decrease with density, and
density decreases with altitude. Although complex in substance (atmospheric
transmittance is a function both of the atmosphere and the wave length) the
calculations of the incident thermal fluence are straightforward and the
aircraft thermal hardness level remains relatively constant with altitude.

Nuciear blast is another story. The blast wave generated by a nuclear deto-
nation results in two significant effects, both vf which must be addressed
for balanced hardness. These two effects are overpressure and gust. Over-

blast wave. The gust environment, usually stated in feet/second at sea
level, is related to the dynamic pressure, q, behind the moving shock by the
equation, q u/~Va where tis the density and V the velocity of the air

behind the shock. Gust velocities (in feet/second) historically have been
specified for convenience to aerodynamicists analyzing the effects of the
gubt environment on system aerodynamics, and structure to determine its

t4 probability of survival. The gust and overpressure environments are linkeýd.
For a uinique circumstance, i.e. altitude, atmospheric conditions etc., a
given overpressure corresponds to a specific gust velocity, Cand dynamic
pressure, temperature, etc.). They are simply the result of solving the
equations governing the shock wave.

Although the gust and overpressure are interdependent, the responses of the
system to each are not. For example, a system may be hardened to 2 psi
overpressure (and to the corresponding gust velocity of 103 ft/sec) at sea
level. Since the overpressure is simply that --- a pressure added to the
ambient --- , it seems reasonable that the system should also be hard to 2
psi overpressure at altitude. For example, consider 30,000 feet. An
unpressurized system should experience little or no difference and a pres-
surized system should response even less.

9



However, considering that the ambient pressure is now only 4.4 psi (insteaod
of the 14.7 psi at sea level), the effect of using a 2 psi overpresure
increases the shock strength which increases the gust velocity (from 103
ft/sec to 275), and the dynamic pressure (from .095 psi to .307).

The increased gust velocity (if incident from the top or side of the
aircraft) could result in overstress on wings, and/or horizontal/vertical
tails.

If we are concerned about nuclear encounters at altitude we must ensure that
su,)portable criteria be developed to ensure system survival. A aor actor
is that the altitude criterion be compatible with the sea level criteria.

Study of the potential nuclear blast vulnerabiliti.es of aeronatical system
suggest that overpressure hardness change with altitude should be minimal
and that gust hr-rdness from the front and rear of the nystem is

* ~significantly .greater than side and top orientations. The system is
* aeronautically streamlined to minimize drag and can survive substantial gust

loading from front and rear.*

If we limit consideration to the critical top and side orientations, we can
simplify the problem by replacing the control surface perpendicular to the
gust by a flat plate. We then subject the flat plate to a perpendicular
gust, and calculate the force acting on the flat plate. This force, F, is

F Dq

where CD is the drag coefficient, q is dynamic pressure, and S is the area
of the flat plate.

If we analyze each of the factors we find that the drag coefficient varies
little for all flight conditions, and that the area is constant. Therefore
the variable of interest in evaluating altitude effects upon the force is

the dynamic pressure, q. Holding q constant with alitdeshuldfi the
force (and bending moment) on the control surface from perpendicular gust

* . loading.

During the course of this study, numerous approaches (in addition to the
above) were considered, i.e. holding the overpressure constant, holding the
gust velocity constant, holding the blast wave mach number constant, and
holding the Reynolds number constant. The first two approaches had no firm

* foundation in fluid mechanics or in aerodynamics, but rather were more
exploratory and served as exercises in developing the iterative techniques
needed to solve the blast wave equations at various altitudes.

*In rare cases, gusts may trigger oscillation of active control systems--
but this can usually be corrected electronically.

10



The blast mach number is directly related to shock strength regardless of
all other factors. The mach number is the similarity parameter* relative to
the shock itself ... no aircraft properties are involved. If the blast wave
itself were of most interest, then the mach number parameter would be a
likely candidate.

Ariother potential candidate is Reynolds Num~ber, Re

Re -UL

Where the L is a characteristic length, U a characteristic velocity andO
the kinematic viscosity. The Reynolds Number is simply the ratio of iner-
tial to viscous forces acting on a submerged body. Further investigation
revealed that the skin friction drag of a submerged body is a function of
the Reynolds Number, where the characteristic length and velocity are the
distance from the leading edge of the body and the free Gtream velocity
respectively. If we were analyzing potential effects by gusts from the
front or rear, Reynolds Number similarity** would be pertinent. For gusts
from the top and sides, Reynolds Number similarity is not the appropriate
cons iderat ion.

For completeness and for purposes of comparison a table was constructed
which shows the different overpressure and gust levels with altitude for all

the above approaches. In this table, only side and top gusts are consid-I
ered, therefore the characteristic length and velocity used in the Reynolds
Number are the aircraft size and gust velocity. Holding the Reynold Number
constant results in the followi~ng

UIL 1UA L2

_)1  - %/
7..'but Ll L2, therefore

F- U1 . Uj

interest (subscript 2) relative to sea level condition (subscript 1).

*Recall that similarity parameters ae used to establish similarity in two
different situations. If the pertinent similarity parameters are equal,
there is similarity between the two situations.

**Note that this Reynolds number should probably be based upon the aircreft
velocity plus/minus the gust velocity (depending on direction of gust) and
the control suriace chord length.
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An overpressure of 2 psi and corresponding values of gust velocity (103
feet/second) and dynamic pressure (.095) for sea level standard were
selected as baseline values. These values should fall somewhere near the
knee of curves like figure 2. If different values are desired, a mini-com-
puter program reported separately * can be used to accomplish the
calculations.

V

* Patrick, R. P., "Nuclear, Blast Program for Mini-Calculators" Eng. Study,
S-ill, SAC/LGME, Offutt Air Force Base, Nebraska, March 1981.
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RECOMMENDATIONS

To maxiimize the probability of base escape for the entire operational life
of the system it is recommended that:

1. Nuclear blast and thermal criteria equal to or greater than the optimal
levels discussed above be established as firm design-to requirements not
later than the start of the full scale development of any new bomber.

2. A maximum engine start time should be established consistent with the
minimally acceptable probability of base escape for the most critical basing
scheme, enemy threat system performance, alert parking, alert crew reaction
time, and any other factors critical to base escaipe. Even if single-engine
starting is judged acceptable --- it is strongly urged that growth
capability for simultaneous engine start be incorporated in the design.

The above recorisenxat ions may result in a degree of overdesign
with an attendiant cost penalty. Houever, balanced against the
relatively w-_11 cost delta for possibly unneeded capability is
an enrarmus cost delta if that capability is not incorporated but
is ne~cessary in future years. The extra capability would also act
as a hedge against possibly otherwise catastrophic delays in the
reaction time~ for detection of the SUM4 launch and the
transmission of the alert launch order.

3. Basic similarity consideration for gust induced forces on potentially
susceptible aircraft flight surfaces indicate that altitude dependence of
sea level nuclear blast requirements would be minimized by use of a
"constant q" requirement*. This requirement then should be specified in
lieu of sea level overpressure and gust requirements.

*The "constant q" requirement is compatible with the usual overpressure
and gust requirements at sea level, but is also applicable fo any other

altitude.
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APPENDIX A

A MINICOMPUTER PROGRAM

to solve the

Blast Wave for (1) Constant

Blast Wave Mach Number

and (2) Constant Reynolds Number

with Altitude

I Subroutine A. Standard Atmosphere.

This subroutine computes the pressure, temperature and density at the
altitude of interest using standard atmosphere equations. Note that Part 1
is pertinent for the troposphere (h<36,150 feet) where the temperature
decreases linearly with altitude. Part 2 is pertinent for the stratosphere
(36)150 < h < 82,000 feet) where the temperature is constant. (This
subrottine is identical to that used in a companion study*.)

II Subroutine B - Blast Wave Mach Number

This subroutine accepts the blast wave mach number as input, and outputs the
overpressure, gust velocity and dynamic pressure corresponding to the given
mach number and altitude.

PRESS B Initializes Subroutine
ENTER BLAST WAVE MACH NUMBER

_ PRESS R/S Overpressure (psi) is displayed
PRESS R/S Gust Velocity (ft/sec) is displayed
PRESS R/S Dynamic Pressure (psi) behind blast wave

is displayed

For a given altitude, a new Mach Number may be entered simply by repeating
the above steps. For a new altitude, subroutine A must be exercised prior
to initialization of subroutine B. (Register contents are the same as those
"in the footnote.)

'4

* Patrick, R.P., "Nuclear Blast Program for Mini-Calculators", Engineering

Study S-111, SAC/LGME, Offutt Air Force Base, Nebraska, March 1981.
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III. Subroutine C. Reynolds Number

This subroutine accepts a sea level gust velocity as input, and calculates
the gust velocity at altitude required to raintain a constant Re-rnolds
Number. In this program, the Reynolds' Number i3 based on a cht.'acteristic
length, (chord length, or other characteristic length assumed constant), the
gust velocity, and the kinematic viscosity. Cince the aircraft velocity is
not included, gusts from the top, bottom, and sides of the aircraft are
addressed. However, these are most critical to vulnerability
considerations.

PRESS C Initializes Subroutine
ENTER SEA LEVEL GUST VELOCITY (if a ratio of gust velocities is

desired, enter 1)
PRESS R/S Gust Velocity (or ratio) is displayed in

same units as those input.

* *.i~

71
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Blast Mach No. & Reynolds Number with Altitude

Appendix B

PROGRAM LISTING

Part I (h< 36000)

001 *LBLA 21 11 027 yX 31 053 0 00

002 RCL9 36 09 028 ST02 35 02 054 0 00

003 CLRG 16-53 029 RCL0 36 00 055 2 02

004 P-s 16-51 030 5 05 056 3 03

005 CLRG 16-53 031 . -62 057 7 07

006 R/S 51 032 2 02 058 8 08

007 STO9 35 09 033 5 05 059 x -35

008 6 06 034 6 06 060 ST05 35 05

009 • -62 035 1 01 061 RCL3 36 03

010 8 08 036 yX 31 062 -iX" 54

011 7 07 037 ST01 35 01 063 4 04

012 5 05 038 RCL0 36 00 064 9 09

013 EEX -23 039 5 05 065 x -35

014 6 06 040 1 01 066 ST06 35 046

015 CHS -22 041 8 08 067 RCL3 36 V3

016 x -35 042 x -35 068 STOC 35 13

017 CHS -22 043 ST03 35 03 069 RCL4 36 04

018 1 01 044 RCLl 36 01 070 STOA 35 11

019 + •5 045 1 01 071 RCL9 36 09

020 STOO 35 00 046 4 04 072 P4 S 16-51

021 4 04 047 . -62 073 ST09 35 09

"022 . -62 048 7 07 074 *LBLB 21 12

023 2 02 049 x -35 075 R/S 51
42

024 5 05 050 ST04 35 04 076 X2  53

025 6 06 051 RCL2 36 02 077 STOD 35 14

026 1 01 052 -62 078 5 05

17



079 +' -.55 108 2 02 137 jX 54

080 STO0 35 00 10Q -62 138 x -35

081 ROLD 36 14 110 8 08 139 STOO 35 00

082 7 07 il x -35 140 RCL5 36 05

083 x -35 112 -62 141 x -35

084 1 01 113 4 04 142 RCL0 36 00

085 - -45 114 - -45 143 - -45

086 ROWL 36 00 115 2 02 144 CHS -32

087 XY -41 116 -62 145 ST07 35 07

088 - -24 117 4 04 146 ROLD 36 14

089 STOE 35 15 118 -24 147 54

090 -62 119 STO2 35 02 148 RCL4 36 04

091 2 02 120 RCLl 36 01 149 -24

092 x -35 121 -24 150 RCLE 36 15

093 1 01 122 STO3 35 03 151 -•FX 54

094 + -55 123 1/X 52 152 - -45

095 STO 35 00 124 STO5 35 05 153 STO6 35 06

096 ROLD 36 14 125 RCLA 36 11 154 X2 53

097 -62 126 RCL2 36 02 155 ROLA 36 1i

2 098 2 02 127 x -35 156 x -35

099 x -35 128 RCLA 36 11 157 RCL2 36 02

100 1 01 129 - -45 158 x -35

101 + -55 130 STOB 35 12 159 -62

102 ROLO 36 00 131 RCLC 36 13 160 7 07

S103 -24 132 x 54 161 x -35

104 STO 35 01 133 4 04 162 ST08 35 08

105 4X- 54 134 9 09 163 RCLB 36 12

106 STO4 35 04 135 x -35 164 R/S 51

107 RCsLv 36 14 136 RCLD 36 14 165 RcL7 36 07

i

* P

-. . ....- ; • ,- • - •&** •,i ., ',• -*. . , - . . .,-



166 RiS 51 196 x -35

167 RCL8 36 08 197 PS- S 16-51

168 *LBLC 21 13 198 RCL;2 36 02

169 R/S 51 199 p7 S 16-51

170 ST04 35 04 200 -24

171 RCLC 36 13 201 STO5 35 05

172 5 05 202 RCL4 36 04

173 1 01 203 x -35

174 8 08 204 R/S 51

175 -24

176 1 01

177 -62

1'/8 5 05

179 yX 31

180 ST0o 35 00

181 RCLC 36 13

182 1 01

183 9 09

184 8 08

185 -62

, I 186 7 07
J¢•t "I187 + -55

188 7 07

.••'"190 6 06

"! 191 . -62

192 7 07

193 XY -41

194 -24

195 RCLO 36 00
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Part II

36,000 < h < 82,000

001 *LBLA 21 11 027 5 05 053 x -35

002 RCL9 36 09 028 3 03 054 ST02 35 02

003 CLRG 16-53 029 -62 055 -62

004 P S 16-51 030 3 03 056 0 00

005 CLRG 16--33 031 -24 057 0 00

006 R/S 51 032 8 33 058 2 02

007 ST09 35 09 033 STO7 35 07 059 3 03

008 3 03 034 -62 060 7 07

009 6 06 035 2 02 061 7 07

010 EEX -23 036 2 02 062 x -35

Oi1 3 03 037 3 03 063 ST05 35 05

012 ST08 35 08 038 4 04 064 RCL3 36 03

013 x<Y? 16-35 039 x -35 065 STOC 35 13

014 GSB9 23 09 040 STO 35 01 066 ROL4 36 04

015 0 00 041 1 01 067 STOA 35 11

016 -24 042 4 04 068 RCL9 36 09

017 LBL9 21 09 043 -62 069 P-S 16-51

018 3 03 044 7 07 070 ST09 35 09

019 9 09 045 x -35 071 LBLB 21 12

020 0 00 046 STO4 35 04 072 R/S 51

021 STO3 35 03 047 RCL7 36 07

022 RCL8 36 08 048 -62 Remainder of program

023 ROL9 36 09 049 2 02 is the same as Part 1.

024 - -45 050 9 09

4 025 RCL3 36 03 051 7 07

026 -24 052 1 01
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2 - SAC/XPH, Offutt AFB NE 68113
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2 - HQ USAF/LEY, Washington, DC
2 - HQ USAF/RDQ, Washington, DC
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1 - DNA, Washington, DC 20305
1 - Henry Diamond Lab.,
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